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O ' Abstract 

o . 

■ The impact of the form of the hadron potential at large distances on the be- 
> . 

Q , haviour of the hadron spin-flip amplitude at small angles is examined. The t- 

■ dependence of the spin-flip amplitude of high energy hadron elastic scattering is 

oo : 

. analyzed under different assumptions on the hadron interaction. It is shown that 

the long tail of the non-Gaussian form of the hadron potential of the hadron inter- 

> : 

. action in the impact parameter representation leads to a large value of the slope 

' of the spin-flip amplitude (without the kinematical factor \/\t\) as compared with 

the slope of the spin-non-flip amplitude. This effect can explain the form of the 
differential cross section and the analyzing power at small transfer momenta. The 
methods for the definition of the spin-dependent part of the hadron scattering ampli- 



X 



Qh' tude are presented. A possibility to investigate the structure of the hadron spin-flip 

' amplitude from the accurate measure of the differential cross section and the spin 



correlation parameters is shown. 



1 Introduction 

Spin phenomena provide a powerful tool for analyzing the properties of hadronic in- 
teraction. The spin structure of the pomeron is an important question concerning the 
diffractive scattering of polarized particles. There were many observations of spin effects 
at high energies and at fixed momentum transfers. Several attempts to extract the spin- 
flip amplitude from the experimental data show that the ratio of spin-flip to spin-nonflip 
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amplitudes can be non-negligible and may be only slightly dependent of energy |l|, |^. 
Thus, the diffractive polarized experiments at HERA and RHIC allow one to study spin 
properties of quark-Pomeron and proton-Pomeron vertices and to search for a possible 
odderon contribution. 

This provides an important test of the spin properties of QCD at large distances. In 
all of these cases, pomeron exchange is expected to contribute the observed spin effects 
at some level 0. 

In the framework of perturbative QCD, it was shown that the analyzing power of 
hadron-hadron scattering can be large and proportional to the hadron mass . Hence, one 
could expect a large analyzing power for moderate pf where the spin-flip amplitudes are 
presumably relevant for diffractive processes. The case, when large distance contributions 
are considered, leads to a more complicated spin structure of the pomeron coupling. For 
example, the spin-flip amplitude has been estimated in the QCD Born approximation by 
using the nonrelativistic quark model for the nucleon wave function [^] in the case where 
the nucleon contains a dynamically enhanced component with a compact diquark. The 
spin-flip part of the scattering amplitude can be determined by the hadron wave function 
for the pomeron-hadron couplings or by the gluon-loop corrections for the quark-pomeron 
coupling 0. As a result, spin asymmetries appear which have a weak energy dependence 
as s oo. Additional spin- flip contributions to the quark-pomeron vertex may also have 
their origins in instantons (see e.g. [j^, §). 

The procedure of how to separate the various parts of the scattering amplitude is 
the model-dependent. These questions include also the determination of the odderon 
contribution to different exclusive reactions and to pseudoscalar meson production, the 
study of the structure of high energy elastic hadron-hadron scattering amplitude at small 
angles and the problems related to the extraction of at^t from the experimental data, 
the study of the behavior of the parameter p, - the ratio the real to imaginary part of 
scattering amplitude [10| . 

Including in the analysis the experimental data of spin correlation parameters does 
not simplify the task. In the general case, the form of the analyzing power, Aj^, for 
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example, and the position of the maximum of A^- depends on the parameters of the 
elastic scattering amplitude atot, p{s,t), the Coulomb-nucleon interference phase v?cn(s,t) 
and the elastic slope B{s, t) . For the definition of new effects at small angles and especially 
in the region of the diffraction minimum one must know the effects of the Coulomb-hadron 
interference with sufficiently high accuracy. The Coulomb-hadron phase was calculated 
in the entire diffraction domain taking into account the form factors of the nucleons [0 . 
Some polarization effects connected with the Coulomb hadron interference, including some 
possible odderon contribution, were also calculated ||12|| . 

The dependence of the hadron spin-flip amplitude on the momentum transfer at small 
angles is tightly connected with the basic structure of the hadrons at large distances. We 
show that the slope of the so-called "reduced" hadron spin-flip amplitude (the hadron 
spin-flip amplitude without the kinematic factor \J]t\) can be larger than the slope of the 
hadron spin-non-flip amplitude as was observed long ago [13, 14]. Its behavior can be 
defined by small effects in the differential hadron cross section and the real part of hadron 
non-flip amplitude. 



2 Definition of the physical quantities. 

The total helicity amplitudes can be written as t) = 0,^(s, t)+(f)i"^(t) exp[iaemfcn{s, t)], 
where (j)i{s,t) is the pure strong interaction of hadrons, (pf^it) is the electromagnetic in- 
teraction of hadrons, aem = 1/137 is the electromagnetic constant, and ipcn{s,t) is the 
electromagnetic-hadron interference phase factor. So, to determine the hadron spin- flip 
amplitude at small angles one should take into account all electromagnetic and interfer- 



ence electromagnetic-hadrons effects. A recent reanalysis of the data is found in ||T^ . 
The differential cross section and the spin parameters and A^vat are defined as 

da 2tc 



dt s 



(|0lP+|02p+|03p+|04p + 4h 



^51 



nrr Air 

An^ = -^/m[(0i + 02 + 03-04)0;)], (2) 
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and 

da in 



Ann-^ = —[i?e(0i0;- 0301) +210511, (3) 

in terms of the usual helicity amplitudes. 

In this paper we define the hadronic spin-nonflip amplitude as = (0i(s,i) + 

0^(s, t))/{2s) and F^^(s, t) = {(j)f^{s, t)+(j)f^{s, t))/{2s) Taken into account the Coulomb- 
nuclear phase (pcn we define ImF^f = aemVcnF^f- 

The "reduced" spin-flip amplitudes are denoted as Fg^{s,t) = (j)'^{s,t)/ {s^J\t\) and 
F}f{s,t) = cj>r{s,t)/{sJ\t\)- 



3 The slope of the hadron amphtudes 

As it is not possible to caculatc exactly the hadronic amplitudes from flrst principles, we 
have to resort to some assumptions for what concerns their form {s and t dependence). 
Let us define the slope of the scattering amplitude as the derivative of the logarithm of 
the amplitudes with respect to t. For an exponential form of the amplitudes this coincides 
with the usual slope of the differential cross sections divided by 2. 

If we define the forms of the separate hadron scattering amplitude as: 

Im Fnf{s, t) ~ exp{B^ t), Re F„/(s, t) ~ exp{B^ t), (4) 



ImF,f{s,t) = -^Im(P'^{s,t) ~ exp{Bi t), ReFsf{s,t) =~ exp{B2 t), (5) 

\t\ 



then, at small t (~ 0.1 GeV'^), practically all semiphenomenological analyses assume: 
Actually, if we take the eikonal representation for the scattering amplitude 
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and use 

1 1-211 1 1-211 



ZTT Jo ZTT ^0 



we obtain 



= -ip p dp Jo(pA)(e^°(^''') - 1], (7) 
Jo 

0^(5, t) ^-ip p dp Ji(pA) xi(s, p) e^°^^^'^\ (8) 

JO 



where 



Xo(s,p) = 7^/ c?2;K)(p,^); (9) 

Xi(^,P) = ^ r dzV,{p,z) (10) 

Z J —oo 

If the potentials Vq and Vi are assumed to have a Gaussian form 

in the first Born approximation 0" and 0^ will have the same form 

cf>1{s,t) ^ r pdp Jo(pA)e-^ = e-^^^ (11) 
Jo 

cl>'l{s,t) ~ dp Ji{pA) e^°(^'^) e-^ ^ q B e'^^'. (12) 





In this special case, therefore, the slopes of the spin-flip and "residual" spin-non-flip 
amplitudes are indeed the same. 

At best, however, a Gaussian form of the potential is adequate to represent the central 
part of the hadronic interaction. This form cuts off the Bessel function and the contribu- 
tions at large distances. As a consequence we can confine ourselves to the two first terms 
of the small-x expansion of the Bessel functions 

Jo(x) ~ 1 - (x/2f; and 2 Jjx = (1 - 0.5 (x/2)^), (13) 
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and we recover the previous result, i.e., the integral representation for spin-flip and spin- 
non flip amplitudes will be the same as in (|11],|T2|). If, however, the potential (or the 
corresponding eikonal) has a long tail (exponential or power) in the impact parameter, 
the approximation ([T3|) for the Bessel functions does not lead to a correct results and one 
has to perform the full integration. 

The flrst observation that the slopes don't coincide was made in |13|. It was found 



from the analysis of the n^p n^p and pp pp reactions at pl = 20 -h 30 GeV/ c that 
the slope of the "residual" spin-flip amplitude is about twice as large as the slope of the 
spin-non flip amplitude. This conclusion can also be obtained from the phenomenological 
analysis carried out in [|1^ for spin correlation parameters of the elastic proton-proton 
scattering at pl = 6 GeV/c. 

The model-dependent analysis based on all the existing experimental data of the spin- 
correlation parameters above pi > 6 GeV allows us to determine the structure of 
the hadron spin-flip amplitude at high energies and to predict its behavior at super- 
high energies [jl6|. This analysis shows that the ratios Re (p'^{s,t)/ {^J\t\ Re 0^(s,t)) and 
Im 05(s,t)/(y^ Im (j)^{s,t)) depend on s and t. At small momentum transfers, it was 
found that the slope of the "residual" spin-flip amplitudes is approximately twice the 
slope of the spin-non flip amplitude. 

Let us see what we obtain in the case of an exponential tail for the potentials. If we 
take 

X^{b,s) ~ He-'^P, 
and use the standard integral representation 



/ — exp{—p x)Jy{cx) dx = I" 

Jo 



with 



ru+2 



2p{2cY r(z. + 3/2)l/[v/^(/ + c2)3/2], 



we obtain 



Fnf{s,t) = J p dp e-" P Mpq) 



with B = l/a^, where we have used the 

1/(1 + a;) ~ (1 — a;) ~ exp{—x). 



For the "residual" spin-flip amplitude, on the other hand, we obtain 



t\Flf{s,t) = j dp e-'' P Ji{pq) 



3 a q 3 aq B 
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(14) 



(a2 + g2)5/2 ^^2 + q2 

In this case, therefore, the slope of the "residual" spin-flip amplitude exceeds the slope of 
the spin-non-flip amplitudes by a factor of two. 

If, further, we take the first Born term of an inverse power form factor 

« l\2n A 2" 

X{s,p) = J qdqMpq)^j^^^^ = —{ApT-'K^-iiAp), (15) 
the spin-flip amplitude is given by 



t\Fsf{s,t) = -^jp'dp Ji{pq)Kn-i{Ap) 
8q 1 



A2 (l + g7A2)«+i 

Hence, a long tail hadron potentials implies a significant difference of the slopes of the 
"residual" spin-flip and of the spin-nonflip amplitudes. Note also that the procedure of 
eikonalization will lead to a further increase of the difference of these two slopes. 



4 The determination of the structure of the hadron 
spin-flip amphtude 

How one can find the value of the slope of the spin- flip amplitude? First, note that if the 
"reduced" spin- flip amplitude is not small, the impact of a large B~ will reflect in the 
behavior of the differential cross section at small angles [|l^. Of course, this method gives 



only the absolute value of the coefficient of the spin-flip amplitude. The imaginary and 
real parts of the spin-flip amplitude can be found only from the measurements of the spin 
correlation coefficient. 

Now let us examine the form of the analyzing power Aj^ at small transfer momenta 
with different values of the slope of the hadron spin-flip amplitude. To this aim, we take 
the spin nonflip amplitude in the standard exponential form with definite parameters: 
slope B'^, atot and p"*". For the "residual" spin-flip amplitude, on the other hand, we 
consider two possibilities: equal slopes B~ — S+ and B~ — 2B^ . For example we take 
at = 50 GeV 

at^t = 42 m6; p = 0.075; S+ = 13/2. 

The results of these two different calculations are shown in Fig.l. It is clear that around 
the maximum of the Coulomb-hadron interference, the difference between the two variants 
is very small. But when \t\ > 0.01 GeV'^, this difference grows. So, if we try to flnd the 
contribution of the pomeron spin-flip, we should take into account this effect. 




0.00 




0.001 ' . . - g - 3 4 5 

-t GeV2 



Fig. 1. The calculation of at v50 GeV (the solid line is with the slope B^^ of 
Fgf equal to the slope B^^ of Fn/); the dashed line is with the B^ — 2 . 



As the value oi A]si depends on the determination of the beam polarization, let us 
calculate the derivative ol An with respect to t, for example, at = 500 GeV. In this 
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case we take 

atot = 62 mb; p = 0.15; S+ = 15.5/2. 
The results of these two calculations are shown in Fig. 2. 



1.50 



1.00 



).50 - 



0.00 



-0.50 
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Fig. 2. The calculation of —SA^/St at ySOO GeV: the solid line refers to the 
case when the slope B{ of F,/ is equal to the slope Bi of the dashed line when 
5f = 2 5i+ . 

If we know the parameters of the hadron spin non-flip amplitude, the measurement of 
the analyzing power at small transfer momenta helps us to find the structure of the hadron 
spin-flip amplitude. Let us examine the behavior of the analyzing power (|^), which can 
be rewritten as 



A 



N 



da 
dt 



2{ImFnfReFsf - ReFnflmFsf) (16) 
= 2[{ImF:i^ReF:^ + ImF^^fReF^^ - ReF^^flmF:^ 
-ReF^flmF:^) + (ImFl^jReF^f - ReF^^ImF^^ 
+ImF:jReF^f - ReF^ijImF^^)] 

in two specific regions. 

We begin from the point tim where the absolute value of the real part of the Coulomb 
amplitude is equal to the imaginary part of the hadron spin- non- flip amplitude \ReF^j\ = 

9 



|/mF^j| . Let us denote by P' the part of the analyzing power ([TTD which can be calcu- 
lated, if we know atot, B,p for the non-flip amplitude, and by AP the part of A at which 
depends on the hadron spin-flip amplitude. 

^ ^exper. _ ^^^^ 



Here A^^^^'^' is the measured value of the analyzing power. Let us factor out the term \F'^ 
from the numerator, the term from the denominator and multiply AP by \F^^\ : 

= (AP)|F^^| ~ 2 '-^ r^fl±^ f,, 



c 

nf\ 



l + (JmFVl^n/l)' ■ 
At the point tim where ImF^j = —ReF^j for proton-proton scattering at high energy we 
obtain 

A'j, = -ReF^^ - ImF^f. (19) 
And, as t ^ 0,due to the growth of |P^/| we have the result 

A'j^ -2ImF^j. (20) 

There is another specific point of the differential cross sections and of on the axis 
of the momentum transfer, - t^e, where the absolute value of the real part of the Coulomb 
amplitude equals the absolute value of the real part of the hadron spin-non flip amplitude. 
This point tre can be found from the measurement of the differential cross sections |1T8| . 

At high energies and small angles the analyzing power (|l^) can rewritten in form 

= ImF^^fiReF:^ + ReF^^) + ImF^fiReF:^ + ReF^f) (21) 
-ImF^fiReF::^ + ReF^^f) - ImF^^iReF^^ + ReFH^). 

We obtain for proton-proton scattering at high energies at the point t^e where ReF^^ = 
-ReFf 
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Fig. 3. The form of Re{F'^^) : solid and long-dashed lines are calculations by (14); 
short-dashed and dottes lines are model amplitudes 
with the slopes Bi = Bf and Bi = 2 Bf. 

We can again take the hadron spin-nonflip and spin-flip amplitudes with definite param- 
eters and calculate the magnitude of A a? by the usual complete form ([T7|) while the real 
part of the hadron spin-flip amplitude is given by Our calculation by this formula 

and the input real part of the spin-flip amplitude are shown in fig. 3. At the point tre 
both curve coincides. So if we obtain from the accurate measurement of the differential 
cross sections the value of t^e, we can find from An the value of the real part of the hadron 
spin-flip amplitude at the same point of momentum transfer. 

5 Conclusion 

By accurate measurements of the analyzing power in the Coulomb-hadron interference 
region we can find the structure of the hadron spin-flip amplitude, and this gives us further 
information about the behavior of the hadron interaction potential at large distances. 
Such contribution can be taken into account in the peripheral dynamic model [|19|. In 
fact, the model takes into account the contribution of the hadron interaction at large 
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distances, and the calculated hadron spin flip amplitude leads to the ratio of the slopes 
of the "residual" spin-flip and spin-nonflip amplitudes at small momenta transfer. The 
model gives also the large spin effects in the diffraction dip domain PU|. We should note 



that all our consideration are based on the usual supposition that the imaginary part of 
the high energy scattering amplitude has an exponential behaviour. The other possibility, 
that the slope changes slightly with t — > 0, requires a more reflned discussion that will be 
the subject of a subsequent paper. 
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